Abstract: New catalysts for important C-N bond formation are highly sought after. In this work, we demonstrate the synthesis, and viability of a new class of planar chiral [2.2]paracyclophanebased bisoxazoline (BOX) ligands for the copper catalyzed N-H insertion of α-diazocarbonyls into anilines. The reaction features a wide substrate scope, moderate to excellent yields and delivers the valuable products at ambient conditions. Keywords: [2.2]paracyclophane ligand; N-H insertion; α-diazocarbonyls; planar chirality; copper catalysis.
1 H NMR (400 MHz, CDCl3) δ/ppm = 7.14 (dd, J = 7.8, 1.8 Hz, 2H, 2 × CArH), 6.51 (d, J = 1.8 Hz, 2H, 2 × CArH), 6.44 (d, J = 7.8 Hz, 2H, 2 × CArH) , 3.50 (ddd, J = 12.8, 10.3, 2 .0 Hz, 2H, 2 × CHPC), 3.16 (ddd, J = 12.1, 10.2, 4 .6 Hz, 2H, 2 × CHPC), 2.95 (ddd, J = 12.1, 11.4, 2.0 Hz, 2H, 2 × CHPC), 2.85 (ddd, J = 13.0, 10.6, 4.6 Hz, 2H, 2 × CHPC). 
(rac)-4,12-Dibromo[2.2]paracyclophane (rac)-2
In a 10 mL microwave vessel was placed 4,16-dibromo[2.2]paracyclophane (500 mg, 1.37 mmol, 1.00 equiv.) and DMF (1.00 mL). The device was programmed to heat the mixture to 180 °C with a holding time set as 6 min. The maximum pressure for the system was set at 17.2 bar and the power was set at 300 W. After cooling to room temperature, the mixture was diluted with DMF (2 mL) and the precipitate was collected by filtration. The reaction was repeated under the same conditions until all the starting material (5.00 g, 13.7 mmol, 1.00 equiv.) reacted. The combined filtrate was poured into water (75 mL) and extracted with EtOAc (3 × 100 mL). The combined organic phase was washed with water and brine, dried over Na2SO4 and concentrated under reduced pressure to give the title product as a pale brown power, 3.50 g, 9.65 mmol, 70%. Rf = 0.68 (c-Hex/EtOAc = 9:1). -1 H NMR (400 MHz, CDCl3) δ/ppm = 7.22 (d, J = 1.6 Hz, 2H, 2 × CArH), 6.56 (d, J = 7.8 Hz, 2H, 2 × CArH), 6.52 (dd, J = 7.9, 1.7 Hz, 2H, 2 × CArH), 3.47 (ddd, J = 13.3, 9.6, 2.2 Hz, 2H, 2 × CHPC), 3.10 (ddd, J = 13.0, 9.6, 6.8 Hz, 2H, 2 × CHPC), 3.06-2.94 (m, 2H, 2 × CHPC), 2.82 (ddd, J = 13.3, 10.1, 6.9 Hz, 2H, 2 × CHPC). To a solution of (Rp)-4,12-dibromo[2.2]paracyclophane (1.50 g, 4.12 mmol, 1.00 equiv.) in abs. THF (50 mL) was added 9.71 mL of t-butyllithium (1.7 м in pentane, 15.4 mmol, 4.00 equiv.) dropwise at -78 °C. After stirring at -78 °C for 3 h, CO2 was bubbled through the solution via a long needle under stirring for 2 h. The reaction mixture was then quenched with water and extracted with 1 м NaOH solution (2 × 100 mL). The water phases were combined, washed with CH2Cl2 (50 mL) and acidified with 6 м HCl until the solution tested acidic by litmus paper. The precipitate was filtrated, washed with water and CH2Cl2. The title product was obtained after drying under high vacuum as white powder, 640 mg, 3.14 mmol, 52%.
[α]D 20 = -134 (c = 0.00203, EtOH). -1 H NMR (400 MHz, DMSO-d6) δ/ppm = 12.4 (s, 2H, 2 × COOH), 7.04 (d, J = 2.0 Hz, 2H, 2 × CArH), 6.78 (dd, J = 7.8, 1.9 Hz, 2H, 2 × CArH), 6.60 (d, J = 7.8 Hz, 2H, 2 × CArH), 4.04-3.88 (m, 2H, 2 × CArH), 3.15 (dd, J = 12.5, 9.8 Hz, 2H, 2 × CArH), 2.98 (ddd, J = 12.5, 9.6, 7. 3 Hz, 2H, CArH), 2.81 (ddd, J = 12.3, 9.8, 7.3 Hz, 2H , 2 × CArH). 
(Rp,S)-4,12-Bis(4ˈ-isopropyloxazolin-2ˈyl)[2.2]paracyclophane (Rp,S)-4a
Thionyl chloride (1.0 mL) was added to (Rp,S)-4,12-dicarboxy[2.2]paracyclophane (250 mg, 0.840 mmol, 1.00 equiv.) and the resulting mixture was stirred at 100 °C for 90 min. After cooling to room temperature the excess thionyl chloride was removed under vacuum, the final traces were washed with toluene (2 × 2 mL) and removed under vacuum. The resulting crude acetyl chloride was dissolved in CH2Cl2 (5 mL) and cooled to 0 °C. A solution of S-Valinol (0.350 g, 3.36 mmol, 4.00 equiv.) and Et3N (0.54 mL, 0.42 g, 4.20 mmol, 5.00 equiv.) in CH2Cl2 (1.0 mL) was added, the reaction mixture was allowed to warm to room temperature and stirred for 24 h. 10 mL of CH2Cl2 was then added and the solution was washed with aq. NaHCO3 solution (3.5% w/v, 2 × 10 mL) and brine (20 mL). The organic phase was dried over MgSO4, filtered, concentrated and dried under vacuum to give the crude amide as light brown solid. The crude amide was dissolved in CH3CN (5.0 mL), PPh3 (0.66 g, 2.52 mmol, 3.00 equiv.), CCl4 (0.770 mL, 1.23 g, 7.98 mmol, 9.50 equiv.) and Et3N (0.970 mL, 0.760 g, 7.56 mmol, 9.00 equiv.) were added subsequently. After stirring at room temperature overnight, the solvent was removed under reduced pressure, the resulting mixture was dissolved in CH2Cl2 and washed with H2O (2 × 10 mL), the combined organic phase was washed with brine, dried over Na2SO4, filtrated and concentrated under vacuum. The crude was purified via column chromatography (c-Hex/EtOAc = 9:1) to give the title product as a pale yellow solid, 0.150 g, 0.350 mmol, 42%. Rf = 0.34 (c-Hex/EtOAc = 9:1). -1 H NMR (400 MHz, CDCl3) δ/ppm = 7.09 (d, J = 1.9 Hz, 2H, 2 × CArH), 6.62 (dd, J = 7.9, 1.9 Hz, 2H, 2 × CArH), 6.54 (d, J = 7.8 Hz, 2H, 2 × CArH), 4.37 (ddd, J = 11.2, 9.5, 2.0 Hz, 2H, 2 × CHPC), 4.30 (dd, J = 5.8, 2.2 Hz, 2H, 2 × CH 5 ˈ), 4.04 (dd, J = 8.6, 6.7 Hz, 2H, 2 × CH 4 ˈ), 4.05-3.92 (m, 2H, 2 × CH 5 ˈ), 3.24-3.16 (m, 2H, 2 × CHPC), 3.16-3.07 (m, 2H, 2 × CHPC), 2.82 (ddd, J = 12.6, 10.0, 7.1 Hz, 2H, 2 × CHPC), 1.95 (hept, J = 6.7 Hz, 2H, 2 × CH 6' ), 1.20 (d, J = 6.7 Hz, 6H, CH 7' ), 1.06 (d, J = 6.7 Hz, 6H, CH 7' ). Thionyl chloride (2.0 mL) was added to (Rp)-4,12-dicarboxy[2.2]paracyclophane (0.150 g, 0.510 mmol, 1.00 equiv.), after stirring at room temperature for 10 min, the mixture was heated to 100 °C and stirred at this temperature for 90 min. The excess thionyl chloride was removed by evaporation, the final traces were washed with toluene (2 × 2 mL). After drying under vacuum, the resulting crude acid chloride was dissolved in abs. CH2Cl2 (5 mL) and cooled to 0 °C. A solution of (S)-(+)-tert-leucinol (0.229 g, 2.04 mmol, 4.00 equiv.) and abs. Et3N (0.260 g, 0.360 mL, 2.55 mmol, 5.00 equiv.) in CH2Cl2 (1.0 mL) was added and the reaction mixture allowed to warm to room temperature and stirred for 24 h. Water was then added (10 mL) and extracted with CH2Cl2 (3 × 10 mL), the combined organic phase was washed with sat. NaHCO3 solution and brine (20 mL). The organic phase was dried over MgSO4, filtrated, concentrated and dried under vacuum. The crude was purified via column chromatography (CH2Cl2/MeOH = 98:2 → 95:5) to give the intermediate amide. To a solution of this amide (152 mg, 0.307 mmol, 1.00 equiv.) and PPh3 (282 mg, 1.08 mmol, 3.50 equiv.) in abs. CH3CN (8.00 mL) was added triethyl amine (0.385 mL, 280 mg, 2.76 mmol, 9.00 equiv.) and CCl4 (0.281 mL, 449 mg, 2.92 mmol, 9.50 equiv.) under argon atmosphere. After stirring at room temperature over night, the solvent was removed under vacuum, the resulting crude was dissolved in CH2Cl2 and washed with brine, the organic phase was dried over Na2SO4, filtrated and concentrated under vacuum. The resulting mixture was purified via column chromatography (c-Hex/EtOAc = 9:1) to give the title product as colorless solid, 104 mg, 0.227 mmol, 44% over two steps. Rf = 0.36 (c-Hex/EtOAc = 9:1). Thionyl chloride (2.0 mL) was added to (Rp)-4,12-dicarboxy[2.2]paracyclophane (0.150 g, 0.510 mmol, 1.00 equiv.), after stirring at room temperature for 10 min, the mixture was heated to 100 °C and stirred under this temperature for 90 min. The excess thionyl chloride was removed by evaporation and the final traces were washed with toluene (2 × 2 mL). After drying under vacuum, the resulting crude acid chloride was dissolved in abs. CH2Cl2 (5 mL) and cooled to 0 °C. A solution of (S)-(+)-phenylglycinol (0.280 g, 2.04 mmol, 4.00 equiv.) and abs. Et3N (0.360 mL, 0.260 g, 2.55 mmol, 5.00 equiv.) in CH2Cl2 (1 mL) was added and the reaction mixture allowed to warm to room temperature and stirred for 24 h. Water (10 mL) was then added, the water phase was extracted with CH2Cl2 (3 × 10 mL) and the combined organic phase was washed with sat. NaHCO3 solution and brine (20 mL). The organic phase was dried over MgSO4, filtered, concentrated and dried in vacuum. The crude was purified via column chromatography (CH2Cl2/MeOH = 98:2 → 95:5) to give the intermediate amide. To a solution of this amide (200 mg, 0.374 mmol, 1.00 equiv.) and PPh3 (344 mg, 1.31 mmol, 3.50 equiv.) in abs. 10 mL of CH3CN was added Et3N (0.469 mL, 341 mg, 3.37 mmol, 9.00 equiv.) and CCl4 (0.343 mL, 547 mg, 3.55 mmol, 9.50 equiv.) under argon atmosphere. After stirring at room temperature overnight, the solvent was removed under vacuum, the resulting crude was dissolved in CH2Cl2 and washed with brine. The organic phase was dried over Na2SO4, filtrated and concentrated under vacuum, the resulting mixture was purified via column chromatography (cHex/EtOAc = 9:1) to give the title product as colorless solid, 177 mg, 0.355 mmol, 95%. Rf = 0.14 (c-Hex/EtOAc = 9:1). -1 H NMR (500 MHz, CDCl3) δ/ppm = 7.40-7.29 (m, 12H, CH 7 + 8' + 9 + 2 × CArH), 6.70 (dd, J = 7.9, 1.9 Hz, 2H, 2 × CArH), 6.61 (d, J = 7.9 Hz, 2H, 2 × CArH), 5.47 (dd, J = 10.1, 8.2 Hz, 2H, 2 × CH 5' ), 4.65 (dd, J = 10.1, 8.2 Hz, 2H, 2 × CH 5' ), 4.44-4.25 (m, 2H, 2 × CHPC), 4.13 (t, J = 8.2 Hz, 2H, 2 × CH 4' ), 3.22-3.14 (m, 4H, 4 × CHPC), 2.89-2.79 (m, 2H, 2 × CHPC). -13 C NMR (126 MHz, CDCl3) δ/ppm = 164.6 (Cq, 2 × C 2' ), 143.0 (Cq, 2 × C 6' ), 141.4 (Cq, 2 × CAr), 140.3 (Cq, 2 × CAr), 135.9 (+, CH, 2 × CAr), 135.1 (+, CH, 2 × CAr), 132.8 (+, CH, 2 × CAr), 128.8 (+, CH, 4 × C 8' ), 128.5 (Cq, CH, 2 × CAr), 127.5 (+, CH, 2 × C 9' ), 126.9 (+, CH, 4 × C 7' ), 73.9 (+, CH, 2 × C 4' ), 70.7 (-, CH2, 2 × C 5' ), 36.4 (-, CH2, 2 × C PC ), 34. Methyl 2-phenyl-2-(phenylamino)acetate (7a) General procedure GP was followed by adding phenyl-2-diazopropionate (17.6 mg, 1.00 mmol,1.00 equiv) and aniline (11.2 mg, 1.20 mmol, 1.20 equiv) to a suspension of in situ generated Cu-(Rp,S)-4a catalyst. The product 7a was obtained via flash chromatography (cHex/EtOAc = 5:1) as colorless solid, 23.6 mg, 0.98 mmol, 98%.
Methyl 2-phenyl-2-(phenylamino)acetate (7b) General procedure GP was followed by adding phenyl-2-diazopropionate (17.6 mg, 1.00 mmol,1.00 equiv) and aniline (11.2 mg, 1.20 mmol, 1.20 equiv) to a suspension of in situ generated Cu-(Rp,S)-4a catalyst. The product 7b was obtained via flash chromatography (cHex/EtOAc = 5:1) as colorless solid, 23.6 mg, 0.98 mmol, 98%.
1 H NMR (300 MHz, CDCl3) δ/ppm = 7.42 (d, J = 7.7 Hz, 2H, 2 × CArH), 7.27 (qd, J = 7.5, 6.4, 2.6 Hz, 3H, 3 × CArH), 7.04 (t, J = 7.9 Hz, 2H, 2 × CArH), 6.62 (t, J = 7. 3 Hz, 1H, CArH), 6.48 (d, J = 7.7 Hz, 2H, 2 × CArH), 5.01 (d, J = 5.9 Hz, 1H, CHN), 4.88 (s, 1H, NH), 3.65 (s, 3H, OCH3) .
The analytical data matches the data reported in literature. [23] General Procedure (GP): Copper catalyzed N-H insertion Cu(MeCN)4PF6 (5 mol%), ligand (6 mol%) and NaBArF (6 mol%) were added into an oven-dried screw vial, evacuated and backfilled with argon three times. After CH2Cl2 (1 mL) was injected into the vial, the solution was stirred at 40 °C under argon atmosphere overnight. A solution of α-diazopropionates (1.00 equiv.) and aniline (1.20 equiv.) in CH2Cl2 (1 mL) was added dropwise, the mixture was stirred at room temperature for 2 h. The resulting mixture was dried under vacuum and purified via column chromatography (c-Hex/EtOAc = 8:1 or pentane/Et2O = 5:1) to give the products 7a-j.
Benzyl phenylalaninate (7c)
General procedure GP was followed by adding benzyl 2-diazopropanoate (19.0 mg, 1.00 mmol, 1.00 equiv) and aniline (11.2 mg, 1.20 mmol, 1.20 equiv) to a suspension of in situ generated Cu-(Rp,S)-4a catalyst. The product was obtained as a light yellow solid (c-Hex/EtOAc = 4:1), 23.9 mg, 0.94 mmol, 94%. The analytical data matches the data reported in literature. [24] Benzyl (2-methoxyphenyl)alaninate (7d) General procedure GP was followed by adding benzyl 2-diazopropanoate (19.0 mg, 1.00 mmol, 1.00 equiv) and o-anisidine (14.8 mg, 1.20 mmol, 1.20 equiv) to a suspension of in situ generated Cu-(Rp,S)-4a catalyst. The product was obtained via column chromatography (c-Hex/EtOAc = 5:1) as a light yellow solid, 23.3 mg, 0.82 mmol, 82%.
Rf
1 H NMR (300 MHz, CDCl3) δ/ppm = 7.40-7.06 (m, 5H, CH2Ph), 6.78-6.66 (m, 2H, 2 × CArH), 6.62 (ddd, J = 8.2, 7.2, 1.6 Hz, 1H, CArH), 6.44 (dd, J = 7.6, 1.6 Hz, 1H, CArH), 5.07 (s, 2H, CH2Ph), 4.64 (s, 1H, NH), 4.12 (q, J = 7.0 Hz, 1H, CHN), 3.76 (s, 3H, OCH3), 1.44 (d, J = 6.9 Hz, 3H, CHCH3). The analytical data matches the data reported in literature. [24] Phenyl phenylalaninate (7i) 1H spectrum
Crystal Structure Determination of 7b
The single-crystal X-ray diffraction study was carried out on a Bruker D8 Venture diffractometer with Photon100 detector at 123(2) K using Cu-K radiation ( = 1.54178 Å. Direct Methods (SHELXS-97) [G. M. Sheldrick, Acta Crystallogr. 2008, A64, 112-122] were used for structure solution and refinement was carried out using SHELXL-2014 (fullmatrix least-squares on F 2 ) [G. M. Sheldrick, Acta Crystallogr. 2015, C71, [3] [4] [5] [6] [7] [8] . Hydrogen atoms were localized by difference electron density determination and refined using a riding model (H (N) free,) . A semi-empirical absorption corrections was and an extinction correction were applied. .
